APPENDIX A
Odorization Technology Survey



Form Approved:

OMB No. 004-575002

ODORIZATION TECHNOLOGY SURVEY
Prepared by
Institute of Gas Technology
Chicago, Illinois 60616

The Institute of Gas Technology, Chicago, is currently conducting a
study for the U,S. Department of Transportation in which it is collecting,
analyzing, and evaluating data on the current state-of-the-art of natural gas
odorization technology. As part of our effort to gather such data, we are
submitting this questionnaire to numerous U. S, natural gas transmission and
distribution companies. We would appreciate very much receiving this com-
pleted form so that the odorization practices and experiences of your company
can be included in the study. Since some of the topics may require more
detail, we request your permission to contact you by phone if the need arises.
Space is provided on the last page for the name and phone number of the per-
son you prefer that we contact for further information.

We have tried to make this questionnaire as brief as possible while still
covering the desired material. If you have any additional information, ex-
planations, and/or comments you wish to submit on supplemental sheets, they
would be greatly appreciated.

A self-addressed, stamped efavelope is included for return of the question-
naire to the Institute of Gas Technology.

If you have any questions please contact J. Adrian Chisholm at IGT. His
phone number is (312)225-9600, extension 659.

QUESTIONNAIRE

If the gas marketed by your company is totally for resale and is not odor-
ized, please put a check mark in the box below, sign your name on the last

page, and return this questionnaire to IGT.

Gas totally for resale; not odorized 0
If any portion of the gas in your system is considered as being odorized

by naturally occurring odor or if you add odorant to any of your gas, please
respond to the questions below that are applicable to your particular situation.

L. TYPE OF GAS ODORIZED
A, Pipeline gas for resale, is it —

1. Nonodorized?
2. Odorized by odorant addition?

3. Odorized by naturally occurring
components?

4. Odorized by odorant addition
and by naturally occurring components?

O 0 0o



B. Pipeline gas for direct sale, is it —

1. Nonodorized?
2. Odorized by odorant addition?

3. Odorized by naturally occurring
components?

4. Odorized by odorant addition
and by naturally occurring components?

O 0 Ooag

C. Pipeline gas for storage, is it -

1. Nonodorized?
2, Odorized by odorant addition?

3. Odorized by naturally occurring
components?

g g

4. Odorized by odorant addition .
and by naturally occurring components? O

D.  Gas supplied to end user Estimated Quantity, 108 CF/yr

1. Quantity nonodorized

2. Quantity of odorized gas supplied
a. With added odorant
b. With natural odor

II. ODORANT TYPE

A. Gas with naturally occurring odor
1. If your gas contains naturally occurring odor, is it —
a. A sulfur-type odor? O
b. A nonsulfur-type such as hydrocarbon odor? O
c. A combination of a and b? O

2. What minimum percent of gas-in-air is normally
detected as a just-recognizable gas odor? %

3. Do you supplement the naturally occurring odor
with odorant addition either —

a. Continuously? 0
b. Intermittently? O
c. Not necessary at any time?



4. If you do use supplemental odorant, what is
the chemical composition of the odorant used?

Component Percent

5. What addition rate is used? 1b/10% CF

6. What final odor level is achieved? (Supplemental and
naturally occurring, as appropriate.) Equivalentto

1b/10¢ CF 0 or %
gas-in-airdetection limit.

Gas, with no natural odor, to which odorant is added
1. What odorant do you add to youtr gas?

a. Chemical composition (if known):
Component Percent
b. Addition rate: 1b/104 CF
c. What minimum percent of gas-in-air is normally
detected as a just-recognizable gas odor? %
2. Do you receive any odorized gas from a supplier? Yes ]

No O

3. If yes, what odorant is contained in the gas supplied to
your company?

a. Chemical composition (if known):
Component Percent
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b. What is the odorant content of the gas as-received?
Ib/10% CF

c. What minimum percent of gas in air is normally

detected as a just-recognizable gas odor? %
4. Do you supplement a supplier's odsrized gas with your own
odorant? Yes [
No O
5. If yes, what is the total odorant content of the gas
supplied to your customers? 1b/10% CF
6. What is your total odorant usage per year? 1b

I, ODORIZATION EQUIPMENT

A. Equipment Types and Characteristics
We wish to establish the types of odorization equipment in use by your

company and your experience with it. Space is provided below to list the
characteristics of up to three types of odorant-addition equipment. Please

identify each type and then check the boxes to indicate your experience with
its operation.

Type A

Type B

Type C

Characteristics of Odorant Addition Equipment Listed Above

Type A Type B Type C

Ability to Maintain Outstanding 0O 0O O
a Set Addition Rate .
Over the Designed Satisfactory 0 0 O
Range of Gas Flow Needs Improvement O ] 1
at
°* O 0 o

Unreliable



Ease of Maintenance

Ease of Checking for
Satisfactory Operation

Operation at Set
Odorant Addition
Rates Over Summer -
Winter Temperature
Changes

Freedom From Odor-
ant Composition
Changes Such as Selec-
tive Evaporation of
Lighter Components

Outstanding
Satisfactory

Needs Improvement
Unreliable

Outstanding
Satisfactory

Needs Improvement
Unreliable

Outstanding

Satisfactory
Needs Improvement
Unreliable

Outstanding
Satisfactory

Needs Improvement
Unreliable

B. Supplemental Odorizers

Type A Type B Type C

a O O
(] a a
a O a
O O a

Type A Type B Type C

oo0ao
gooog
ooaoag

Type A Type B Type C

ooag
oooo
oooo

Type A Type B Type C

goaad
oooao
ooao

1. Do you use supplemental odorizers to increase odor levels

in certain portions of your system?

Yes 0O No OO

2. If yes, are some of them in year-round continuous

operation?

Yes O Ne [

3. Or, are they used on a temporary basis such as in certain
seasons of the year or to condition new pipe sections?

4. If yes, please explain:

Yes O No d



C. How many odorizers does your company normally operate?

1. Fixed

2. Supplemental

ODOR TEST PROCEDURES

A. Does your company obtain an indication of the odorant concentration
in gas by —

1. Monitoring rate of leak calls per 1000 meters? Yes O nNo O
If on some other statistical basis, specify.

Calls ver Week ner 1000 Meters
(If for some other rate, specity)
Winter Summer

a. What rate do you experience
as an average?

b. What rate would you consider
to be unacceptably high?

c. What rate would you consider
to be unacceptably low?

d. What percentage of your leak calls is classified as
"nuisance' calls (not caused by leaks requiring cor-

rective action)? Vi

2. Periodic tests with odorometer, titrators, gas
chromatographs, etc. ? Yes O No (O

B, Do you monitor odorization level with odorometers with which an
operator makes a ''sniff'" test to determine the gas/air ratio that

produces a detectable gas odor? Yes O No [

C. If yes, what type of odorometer do you use? . (Please do not use
brand names.)



What reproducibility do you experience with odorometer
measurements? (If quantitative numbers are not available,

use "Excellent," "Good," or '"Poor, ")
1, Repeat tests, same operator b % gas-in-air
Excellent [ Good O Poor (J
2. Repeat tests, different operator * % gas-in-air
Excellent [ Good O Poor (O

Do you regularly use instruments other than odorometers for odor
level or odorant concentration testing? Yes (] No O

If yes, what types are employed? (Please do not use brand names.)
1. Titrator O

2. Gas Chromatograph

a. Special Purpose O
b. General, with sulfur-selective detector a
3. Otkrer (describe) a

How frequently do company personnel check odor levels in the
system by "sniff' tests? Brief answers such as '"Odorometer
measurements are made weekly at X points in the system'' or
'""All service calls include a check of the gas odor and a written
notation of adequacy’ are sufficient.

Do you continuously monitor odorant concentration at any points in
your system? Yes O No (O

1. What instruments(s) is used?
2. How many points are monitored?

3. What number of customers are in each
monitored area?

Are room tests or chemical tests employed for odor
testing? Yes O No O
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V.

J.

If yes, please list types of tests performed.

ODORANT BEHAVIOR IN SYSTEMS

A.

Except for sections of new piping, has odor fading
been observed in your system?

If yes, is itiobserved -
1. Over the entire system?
2. Only in specific. portions of the system?

3, Is it consistent enough to require permanent
installations of supplemental odorizers?

4. Does the fading occut —

a. With changes in gas flow rates?

b. With temperature changes?

c. Sporadically for no apparent reason?

Have you observed odor character changes in your
gas without apparent reason?

Do you have areas in your system that regularly
experience mixing of gases containing different
odorants?

If yes, do you observe a sufficient change in odor
character (not odor intensity) to affect leak call

rates?

If yes, in what direction and magnitude are the
changes in leak call rate?

Yes (J

Yes (O
Yes [

Yes O

Yes (O
Yes OO
Yes (J

Yes O

Yes (J

Yes [

No

No
No

No

No

No

No

No

No

a

ooao O

a



G. How would you rate the odorants in your gas as to —

Needs
Satisfactory Improvement Ungatisfactory

Effectiveness in warning
of presence of gas O O O
Persistence O O a
Strength O | |
Resistance to fading O O O
Resistance to loss upon
soil contact O O O
H. Do you have corrosion or other problems in any part of

your system that can be attributed to the odorant in

your gas? Yes [ No O
l. If yes, please explain.
J. Do you have pipeline liquids containing odorant col-

lecting in your system? Yes O No O

K. If yes, what ia your disposal method?
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VlI. GENERAL OBSERVATIONS

A. What is your opinion of the adequacy of the following areas of the
Gas Industry's odorization technology?

Satisfactory but Fully
Unsatisfactory Needs Improvernent Satisfactory
Effectiveness of odorants O O O
used
Reliability of odorant- 0 0
addition equipment
Odor-monitoring proce- a O a
dures
Odor-monitoring equip-ment O O] O
B. Do you have any uniformity of quality problems with
the odorants you use? If yes, please explain, Yes O wNold
C. Please list any research your company has done or has
participated in regarding odorization technology.
D. What areas of odorization technology do you feel are most
in need of research?
E. Do you have any comments on current Federal regulations

concerning the odorization of natural gas?



Signed Date

Title

Company,

If your company can be contacted for further information, pleaee supply the
name and phone number of the representative to be contacted.

Name

Title

Phone

When completed, please return this questionnaire in the envelope provided
to —

J. A. Chiaholm

Institute of Gas Technology
3424 South State Street
Chicago, Illinois 60616
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APPENDIX B
Paper on "Summary of Gas Odorants and Their Properties"’



American Gas Association Distribution Conference
Operating Section May 1, 2, 3, 4, 1967
St. Louis, Missouri

SUMMARY OF GAS ODORANTS AND THEIR PROPERTIES

By

J. P. CENCER

MICHIGAN CONSOLIDATED GAS COMPANY

DETROIT, MICHIGAN

MAY 3, 1967



American Gas Association, Inc. Distribution Conference
Operating Section May.l 2, 3, 4 1967
St. Louis, Missouri

A REPORT ON
SUMMARY OF GAS ODORANTS AND THEIR PROPERTIES
J. P. CENCER
ODORIZATION TASK GROUP
MICHIGAN CONSOLIDATED GAS COMPANY
- DETROIT, MICHIGAN

PREFACE

This summary of gas odorants was prepared under the auspices of the Odorization Task

Group, Chemical Services Committee, Operating Section, American Gas Association.

The data were compiled from information submitted to us by the odorant suppliers. Their
cooperation on this project has made possible this listing and properties of gas odorants. We

wish to thank them for their contribution to the gas industry.

The odorants listed are the more common formulations offered to the industry. Other
blends are available from most suppliers. |f you have conditions which require a special odorant,

you will find the odorant suppliers most helpful.

No attempt has been made by the author to check or verify the data as submitted. Odorant
suppliers were contacted to obtain their data and a draft of this paper was submitted for review.
If there are any questions regarding odorant properties, or if there is a desire for additional infor-

mation, please contact the odorant supplier. Their names and addresses are included in

this report.
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TABLE 1

ODORANY SUPPLIERS, TRADE NAMES AND PRINCIPAL
ODORANT_ BASE. INDEX

Table Column

CHEVRON CHEMICAL CO,, ORONITE DIVISION
Executive Offices: 200 Bush Street, Sn Fronciscs, California 94120

Alert 101 Tertiary Butyl Mercaptan 2 1
Alert 80 Mixed Mercaptans 3 3
Ethy! Mercapten Ethy! Mercaptan 3 1
LPG Qdorant Merceptans 3 2
Caledoront F Aliphatic Sulfide 5 1
Calodorant 8.1 Mixed Aliphotic Sulfides 5 2
Calodorant C Cyclic Sulfide 4 1
Calodorant C Special Cyclic Sulfide and Petroleum Factors 4 2
Calert 14 Tertiary Butyl Mercaptan and Cyclic Sulfide (Blend of 2/3 Calodorent C and 1/3 Alert 101) 6 1
Calert 30 Tertiory Butyl Mercaptan and Aliphatic Sulfide (Blend of 1/2 Calodoront F and 1/2 Alert 101) 6 4
— MARSHALL HYDE INCORPORATED
1344 Griswold Street, Port Huron, Michigan
Formula 55 Tertiory Butyl Mercaptan 2 2
Formula 55 Special Tertiary Butyl Mercaptan 2 3
NATURAL GAS ODORIZING, DiY. OF HELMERICH a PAYNE, INC
Plant and General Officer: 3601 Decker Drive, Baytown, Texas 77520
BP Capton Tertioy Butyl Mercaptan 2 4
RP Copton Tertiay Butyl Mercaptan 2 5
TE Copton Tertiary Butyl and Mixed Mercaptans 2 6
Captan Mercaptans 3 4
Captan ""99"" Mercoptans 3 5
DL Captan Dilute Mescoptans 3 6
CS Copton Cyclic Sulfide 4 3
CL Coptan Dilute Aliphatic Sulfide 5 3
CS-BP Captan #11 Tertiery Butyl Mercaptan and Cyclic Sulfide 6 2
El Coptan DMS and Tertiary Butyl Mercaptan 6 5
PENNSALT CHEMICALS CORPORATION, INDUSTRIAL CHEMICALS DIVISION
Throe Penn Center, Philodelphia 2 Pennsylvania
Spotieak 1003 Tertiary Butyl Mercaptan 2 8
Spotieak 1009 Tertiory Butyl Mercaptan 2 9
Spotieck 1001 Tertiary Butyl Mercapton and Alkyl Sulfide 1 10
Fuel Gas Oderant 1010 Ethyl Mercaptan 3 7
Pennodorant 1013 Cyclic Sulfide 4 4
Pennodormt 1063 Cyclic Sulfido and Petroleum Fractions 4 5
Pennodormt 1005 Cyclic Sulfide and Tortiory Busy! Morcaptan 6 3
Pennodorant 1030 Aliphatic Sulfide and Mercapsan 5 4
ROBINSON BROTHERS LTD., CHEMICAL MANUFACTURERS
Ryders Green, West Bromwich, England
Tetrohydrothiophene Cyclic Sulfide 4 6
PHILLIPS PETROLEUM COMPANY, SPECIAL PRODUCTS DIVISION
Chemical Department, Bortiesville, Oklahoma 74004

Scentinel A Ethyl Merceptan, 99+ % (LPG Qdoront) 3 8
Scentinel C Tertiary Butyl Mercaptan 2 10
Scentinel D Tertiory Butyl Mercopton {39+% Mercapton) 2 n
5¢- nel E Tertiary Butyl Mercapton (99+% Mercaptan) 2 12
Seeriti 2| F Tertiary Butyl Mercapton and Aliphatic Sulfides 2 13
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TABLE Il

LISTING AND PROPERTIES OF ODORANTS
WITH TERTIARY BUTYL MERCAPTAN AS THE PRINCIPLE BASE

1 2 3 4 5 6 7
1 Trade Name Alert 101 Formula 55 Formula 55 Special BP Captm RP Captan T8 Coptm Spatieak 1001
2 Supplier Cail. Chem. Co. Marshall Hyde Inc. Morshalfi Hyde Inc.  Natural Gas Natural Gas Natural Gas Pennsalt
Oronite Div. Odorizing, Inc. Odorizing, Inc. Odorizing, Inc. Chem. Co.
Ind. Chem. Oiv.
3 Specific Gravity 0810 078 1 8 10 0.808 0.81? 0.810 o8t
(60°/60°F) (60°F) (60°/60°F)
4 Moleculor Weight, Average 86 920 9 86 8¢ 84 83
S. Weight per Galien, Lbs, @ 60°F 68 65 67 5 673 ¢.80 6.75 68
6. Viscosity, Centistokes, 77 °F 065 0.502 0467 0.84 06 1
7. Reid Vapor Pressure, psia @ 100° F 6.8 5.0 81 4.2 87
8. Distillation 18P 132°F 1BP 134°F 1BP 145°F I1BP 13%6°F IBP 118°F IBP 1348°F IBP 122°F
% 137 °F 5% 140° F 524 150°F 5% 139°F % 128°F 5% 137 °F
50% 145°F 50% 141°F 50% 15 °F 50%  142°F 50% 138°F 50% 140 °F
95% 157°F 95% 148°F 95% 180°F 95% 147°F 95% 160°F 95% 150°F
EP 1588 °F EP 194°F EP 160°F EP 165°F EP 156 °F FBP 156°F
9. Volatility 80 Ibs, per MMCF 350 Ibs. por MMCF 70 ibs. pet MMCF 500 Ibs. per MMCF 423 lbs./MMCF
(0°F, 1,000 psi) (0°F, 1,000 psi) (0°F, 1,000 psi) (O°F. 1,000 psi) (40°F, 720 prig)
10. Cloud Point S2X°F «20°F Max. .20°F Max. -20°F Less than -20°F
11 Freezing Point Bolow «60° 2 °F or lower -20°F or lower Below 60°F Below $0°F Balow 40°F Below -70°F
12. Flash Paint {open cup) 10°F aeoF ?)"F 20°F Below 0°F
13. Morcaptan Content, Per Cent 97%(vel.) 85% min. (wt.) 80%min. {wt.} W +% (vol.) 80% (vol.) 99 +% (vol.) 80%
14. Sulfur Content, Weight Per Cent 37% 29% 35h 37% 37% 3% B
15, Solubility in Water 0.3 wt. per cent nil nil Trace Troce Troce Negligible
€68°F
16. Recommended Odoriring
Rotos: Natural Cos 025 - L0 ibs. 025 - 0.50 ibs, 025 = 0,50 bs. 0.25. 10 lbs, 0.25- 10 Ibs. 025 - 10 ibs. 0.25 - 0.75 tbs,
per MMCF per MMCF per MMCF per MMCF por MMCF per MMCF per MMCF
L-P Gas 10 1b./10 M gal.
17.  Sulfur Contribution, Groins/100 cu. ft. 0,26 grains @ 01 grains @ 0.1 @05 tbs,/MMCF 026 @ 10 lbr. 0.26 grains @ 0.25 grains @ 0.07 - 0.20 grains @
10 1bs/MMCF 05 Ibs./MMCF 10 1b./MMCF 10 (b./MMCF 025 . .75 1b,/MMCF
18. Typical Composition 80% TBM 85% TBM 80% TBM 77% TBM ' 80% TBM 55% TBM 80% TBM
20% other RSH 23 % other RSH 20% DMS 45%other RSH 200 As
19. Titralog Factor 27.4 31.2 - 19.60 280 1845 242
20. Barton Titron Factor "T °, Range 1 ma .058 061 - 061 , 069 071 058




TABLE 11 (Continued)

LISTING AND PROPERTIES OF ODORANTS
WITH TERTIARY BUTYL MERCAPTAN AS THE PRINCIPLE BASE

8 9 10 11 12 13
1 Trode Name Spotleak 1003 Spotieak 1009 Scantinel C Scentinel D Scantinel E Scantinel F
2 supplier Pennsalt Chem. Pennsalt Chem. Phillips Petro, Cao. Phillips Petm. . Phillips Petm. 6 - Phillips Petre, 6 _
Co. Ind. Chem, Div. Co. Ind. Chem, Div. Special Products Div.  Special Products Div. Special Products Div.  Speeial Products Div.
3 Specific Grovity 0.81 081 0.78 081 081 0.82
(60°/60°F) (60°/60°F)
4. Molecular Weight, Average 86 b 89 90 87 84
5. Weight per gallon, Ibs. @ 60°F 6.74 6.76 65 6.74 6.74 6.81
6. Viscosity, Centistoke, 77°F 065 0.64 0.65 0.68 0.66 0.5
7. Reid vapor Pressure, psio @ 100°F 7.3 66 6.9 ! 68 70 84
8. Distillation IBP 131°F 18P 131°F I8P 137 18P 145 Iep 138 [1:14 125
5% 141 % 156 5% 144 5% 13
50% 145 50% 177 S0% 151 50% 141
'95% 151 95% 187 95% 154 95% 160
FBP 158°F FBP 167 °F
9. Volatility 444 lbs. per WCF 378 Ibs. per MMCF 78 Ibs. per MMCF 838 Ibs. per MMCF - 93 Ibs. per MMCF
(40°F, 720 psig) (40°F, 720 psig) (0°F, 1,000 psi) (0°F, 1,000 psi) - (0°F, 100 Ibs.)
10, Cloud Point Loss thon - 20°F Less than -20°F -30 -35°F - 25°F - 25°F
11. Freezing Point Below - 50° F Below -50°F -3 .80°F - 40°F Below -40°F
12 Flash Paint (openevwy F 0°F Below OF 0 0°F Below 0°F Below OrF
13. Mercoptm Content. Per Cant 97% ( vol.} 97%min. {vol.) 85 9t 99 + 75% TBM
14. Sulfur Content, Weight Per Cent 35.8% 35% min. 314 37 k74 38
15, Solubility in Water (% by vel.) Negligible Negligible 05 0.5 05 0.4
16. Recommended Odarizing
Rates: Natural Gas 0.25 to 0.75 lbs. 0.25 1o 0.75 Ibs. 0.3 to 10 Ibs. 0.3 to 10 lbs, 0.3 to 10 lbs. 03 to 10 ibs./MMCF
por MMCF por MMCF per MMCF per MMCF por MMCF
L-P Gas
17. Sulfur Contribution, Grains/ 100 eu, ft. 0.06 to 0,19 grains @ 0.06 to 0.18 grains @ 0.07 to 0.22 0.07 to 0.25 - 007 to 0.25
0.25 to 0.75 Ibs./MMCF 025 to 0.75 |bs./MMCF
18. Typical bmposition 76.5% T BM 80%TBM 85% T BM 80% T BM 80% TBM 75% TBM
235% other RSH 20%other RSH 15% Alip, Hydrocarbon  20% other RSH 20%ether RSH 25% Aliphatic Swifide
19. Titreleg Factor 242 238 8.2 16.7 246 217
20. Barten Titron Factor "C', Range 1ma .058 .058 061 .0S




TABLE Hi

LISTING AND PROPERTIES OF ODORANTS WITH
MERCAPTAN BASES OTHER THAN TERTIARY BUTYL MERCAPTAN

1 2 3 4 5 6 7 8
1 Trode Name Ethyl Mercaptan LP G Odorant Alert 80 Captan Captan '*99"’ DL Captan Fuel Gas Scentinel ""A™"
Odorant 1010
2. Supplier Chevron Chem. Co. Chevron Chem. Co. Chevron Chem, Cs. Natural Gas Natural Gas Natural Gos Pennsalt Chem, Co.  Phillips Petro. Co.
Cronite Division Qronite Division Oronite Division Odoriring, Inc. Odoriring, Inc. Ddoriting, Inc. Ind. Chem, Division special Products Div.
3 Specific Gravity 0.844 08 ¥ 0.8 0.825 0.820 0.695 084 084
(60°/60°F) (60°/60°F) (60F/60°F)
4 Molecular Weight, Average 62 76 7 82 82 62 62.1
5. Weight e Gallon,
Pounds @ 60 F 70 68 69 6.88 6.83 584 70 7.02
6. Viscosity, Centistokes 77°F 026 040 0.44 0.410 0.401 0.33 0.28 0.28
7. Reid Vopar Pressure,
psia ® 100 F 160 83 91 82 6.8 8.0 165 16.2
8. Distillation 1BP 9&F IBP 122°F tBP 103°F 1BpP IP'F IBP 128°F IBP 142°F IBP 95,0°F
5% 95°F 5% 124°F 5% 120°F 5% 125°F 5% 130°F 5% 145°F 1%  94°F 5%  95.4°F
t 50% 96 °F 50% 127°F 50% 144°F 50% 130°F 50% 139°F 0% 150°F 50%  95.4°F
95%  97°F 95% 130°F 95% 192°F 95% 148°F 95% 138°F 95% 159°F 95%  98°F 95%  96.0°F
N EP 170°F EP 149°F EP 162°F
9. Volatility 250 Tbs/MMCF 1451bs/MMCF 90 tbs/ MMcf 210 1hs/MMef 100 Ibs/MMcf 28 Gals/MMcf 700 ibs,/MMcf 230 lbs./MMcf
(0°F, 1,000 psi) (0°F, 1000 psi) (O°F, 1,000 psi) ( OF, 1000 psi) (0°F, 1,000 psi) (0°F, 1,000 psi) (40°F,,720 psig) (0°F. 1,000 psi)
10. Claud Point ~22rF -20°F -20°F -20°F -2°F =10°F -2°F
11 Freezing Point Below = 150°F Below -150°F Below ~100°F Below - 100°F Below —100°F Below —100°F Below —50°F Below -200°F
12. Flash Point (Open Cup) Below 0° F Below O°F Below 0°F Below 20°F 2°F 0°F Below O°F -55°F
13. Mercaptan Cantent,
Yolume Per Cent 99+% 99+% 95% 90% 99+% 10% 98% 99+%
14. Sulfur Content,
Weight Per Cent 523 42% 42% 3% 36% 41 % 52% 51%
15. Solubility in water 070 wi. per cent 0.26 wt. per cant 038 wt. per cent Trace Tmce Trace Negligible 1%e 77 F
P 68°F @ 68°F € 68°F { by vol.)
16. Recommended Odorixing
Rates: Natural Ges 0.25-1.0 ibs/MMef 02510 Ibs/MMcf 0.25-1.0 lbs/MMcf 02510 Ibs/MMct
L-P Gos 10 1bs/10,000 Gal. 10 'bs/ 10,000 Gal. 10 1bs/10,000 Gal. 1.0 tbs/ 10,000 Gal. 10 1bs/10,000 Gal.
Minimum
17. Sulfur Centributien, .36 grains % 030 grains @ 029 grains @ 025 grains @ 025 grains @ 0.173 groins @ .98 grains @ Min.
Grains/100 cu, ft. 10 Ib. per MMcf 10 Ib. per MMCF 10 Ib. per MMcf 10 Ib per MMcf 10 Ib. per MMcf 10 Gal. per MMcf Rate
18. Typical Composition 99+% Ethyl 99+% Mercaptans 95% Mercaptans 90% Mercaptans 99+% Mercaptans 10% Mercaptans Ethyl Mercaptan 9%+% Ethyl Mercaptan
Mescaptan 10% DMS 90% Hydrocarbons
19. Titralog Fector 176 154 16,20 74
20, Barton Titren Factor,
Range 1ma .OX .030
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TABLE 1Y

LISTING AND PROPERTIES OF ODORANTS WITH

CYCLIC SULFIDES AS THE PRINCIPAL BASES

1 2 3 4 5 ]
1. Trade Name Celodorant C Calodormt C Spec. C$ Coptan Pennodorant 1013 Pennodorant 1063 Tetrahydrothiophene
2 Supplier Chevron Chem, Co. Chevron Chem, Co, Natural Ges Pennsalt Chem. Co. Pennsalt Chem, Ca, Robinskodses.futi td

3 Specific Gravity

4 Molecular Weight, Avg.

5 Weight/Gol. Ibs. @ 60° F

6. Viscosity, Centistckes 77 F

7. Reid Vapor Pressure, psia @ 100°F

8 Distillation

9. Yolatility

0. Cloud Point
11 Freezing Point

12 Flash Point (Open Cup)
13 Mercaptan Sulfur Content, w?. -%
14, Sulfur Content, Weight %

15, Solubility in Water
16. Recommended Odoriring
Rotos: Natural Gas

L-P Geos

17. Sulfur Contributien,
Groins/100 cu. ft.

18 Typical bmposition

19, Titralog Factor

20. Borton Titron Factot, Range 1ma

Oronite Division

100 (60°/60°F)
aa
8.3
0.94
101
18P 170°F
5% 210°F
50% 24PF
95% 248°F
12 1bs/MMcf
(0°F, 1,000 psi)
-B°F
Below -100°F
60°F
37%

0.07 wt. per cent
@ 68°F

0.25 10 lbs/MMecf

10 Ib, 10,000 Gal.

0.2 grains @
10 Ib/MMCF

Cyclic Sulfide

233
.077

Qronite Div.

0078 (66°/60° F)

95
73
082
098
1BP 216°F
5%  235°F
50% 244°F
95%  260°F
121bs/MMet
(0°F. 1,000 psi)
~D°F
Below -100°F
BO°F
10.6%

006 wt. per cent
€68°F

0.5 1.5 lbs/MMct
0.14 groins @

10 Ib/MMcf

Cyclic Sulfide and
Pot. Fraction

37.05

Odorizing. inec,

0.999
88
8.32
0.775
o8 '
IBP 245°F
5% 250° F
S0% 2ST F
957 257 F
EP 255°F
64 1bs/MMet
(0°F, 1000 psi)
-A°F
Below -100°F

Loss than 20°F
0%
3%

Trace

0.5-1,0 Ibs/MMcf
0.245 grains @
10 Ib/MMcf

100%
Tetrahydrothicphene

20.80
082

Ind. Chem. Div.
1.00°(60°/60°F)
88

833

0.94
10

iBP 23 F
95%  253%
FBP  256%

38 1bs/MMct
(40°F, 720 psig)

«20°F (Mox)
Bolow «5°F

55°F

0.1% (Max)

3%

Negligible
0.25.1,0 1bs/MMef
0.07+0, 20 groins @
0,25-1.0 1b/MMef

Cyclic Suifide

215
.082

Ind. Chem. Div.

0,868- .880
(15.5°/15.5°C)
93
72
084
10

IEP 2%0°F
95% 260°F
& bs/MMet

(40°F, 720 prig)

Lass then -20°F
Below -50°F
65°F
0.1% (Moa.)
P.3 (Mor)

Negligible
0.5 1.5 Ibs/MMcf
0.67}05 dbgrains @

55%Cyclic Swifice

45% Petroleum Froction

38.0

100 (60°/60° F)

-]
8.3
0.94
10

5% 241°F
5%  254°F

<141, 2F

L&F
Negligible

364%

0.07 wt. p acent
0.5-1,0 Ibs /MMCF
0.13-0, 2% groins @

0.5-1.0 1bs/MMcf

97%
Tetrahydrothicphene

,062
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LISTING AND PROPERTIES OF ODORANTS WITH

TABLE V

ALIPHATIC SULFIDES AS THE PRINCIPAL BASES

1 2 3 4
1 Trade Name Colodorant F Calodorant E1 ClL. Capten Pennodormt 1030
2 Supplier Chevron Chem, Co. Chevron Chem, Co. Natural Gas Pennsalt Chem. Co,
Qronite Div. Qronite Div. Oderizing, Inc. Ind. Chem. Div.
3. Specific Gravity 0.849 (60°/60°F) 0.839 (60°/60°F) c .85
4 Molecular Weight, Average 64 98 84 64
5 Weight per Gallon, pounds @ 60°F 71 70 576 7.1
6. Viscosity, Centistokes, 77°F 034 0.51 ' 0478 .
7. Reid Vapor Pressure, psia @ 100°F 150 210 115 14
8. Distillation 18P 98°F 18P 15%°F IBP 128°F IBP  97°F (Min.)
5% 100°F 5% 197°F 5% 135°F
50% 102°F 50% 2&°F 50% 150°F F8P 156°F (Mor.)
95% 128F 95% 277°F 95% 160°F
EP 170°F
9. Volatility 215 Ibs/MMcf 18 Ibs/MMcf 24 gals /MMt 1100 ibs/MMecf
(0°F, 1 ONpsi) (0°F, 1,000 psi) (0°F, 1,000 psi) (40°F, 720 psig)
0. Cloud Point -2°F -2°F ~10°F -2°F Max.
IT. Freezing Point Below —100°F Below ~ 100°F Below ~100°F Below —50°F
12 Flash Point {Open Cup) Below -30°F cod 0°F Below O°F
13 Mercopton Content, Volume Per Cent Trace
{4, Sulfur Content, Weight Per Cent 50% 3% 41% 49.5%
0.3 wt per cent @ é8°F 0.1 wt per cent @ 68°F Trace Negligible

1§, Solubility in Water

16 Recommended Odorizing,
Rates : Natural Gos
L-P Gas

17. Sulfur Contribution,
Grains per 100 cu. ft.

18 Typical Composition

19. Titraleg Factor

0. Barton Titron Factor, Renge 1ma

0.25 1.0 Ibs/MMef
10 16/10,000 gals.

0.35 grains @
10 1b/MMcf

Aliphatic Sulfide

160
067

0.25-1.0 [bs/MMcf
10 'Ib/ 10,000 gals.

022 grains @
10 Ib/MMcf

Mixed Aliphatic Sulfides

235
090

025 10 Gals/MMcf
0.173 groins @
10 gal/MMcf

10%0DMS
90% Hydrocarbons

025-10 ibs/MMcf
0.35 grains @
1ib/MMef

90% Aliphatic Sulfide
10%Mercoptm
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TABLE VI

LISTING AND PROPERTIES OF ODORANTS WITH MIXED ODORANT BASES

1 Trade Name
2 Supplier

3. Specific Gravity

4 Molecular Weight, Average
5 Weight/Gal,, Ibs @ 60°F

6. Viscosity, Centistokes 77°F

7. Reid Vapor Pressure psia @ 100°F
8. Distillation

9. Yolotility

0. Cloud Paint

11. Freezing Point

12 Flash Point {Open Cup)
13. Morcaptan Content, Vol. -%
14, Sulfur Content, Weight -%
15. Solubility in wWater

M. Recommended Odorizing

Rates: Natural Gas
L.P Gas

17. Sulfur Contribution,
Grains/100 cu ft.

18. Typical Composition

19. Titralog Factor
Z), Barten Titren Factor, Rmge 1 ma

Calert 14

Chevron Chem, Co.

Oronite Div.

0.937
(60°/60°F)

5% 184°F
95% 249°F

-28F

33%

67% CS
2% TBM
7% RSH

CSBP Captan #11

Natural Gas
Odoriring, Inc.

0.905

87
7.54

0.650

3.0

IBP 150°F
5% W2F
95% 250°F
EP %0°F

550 Ibs/ MMcf
(0°F, 1,000 psi)
-2°F
Bolow -90°F

38F
50%
7%

Trace

0.50-1.0 Ibs/MMcf

0.25 grains @
10 Ib/MMcf

55% THT
B TeM
10% RSH

3 4 5
Pennodormt 1005 Colert 0 El Capton
Pennsalt Chem. O. Chevron Chem. Co. Natural Gas
Ind. Gem. Div. Oronite Div. Odorizing Ce.

0.93 0.830 0.8
(15.5°/15,5°C) (60°/60°F) {60°/60°F)
88.8 7
77 6.90
\ 0.94 .467
45 81
IBP 14PF 1BP 110°F
5% 115°F 5% 1¥F
95% ¥E5F 50% 122°F
95% 256°F 5% 150°F
EP 153°F
57 |b./MMCF 70 Ibs. per MMef
(40°F, 720 psig) (0°F, 1000 psi)
S2°F ~25°F -20°F
Below -50°F Below 40°F
=F 2°F
39% 55% 50%
358% 215%

« Negligible Negligible
0.25-0.75 !bs/MMcf 4251.0 tbs/MMef
006019 grains @ .25 groins @
025 " 0.75 I1b/MMef 10 b, MMct
67% CS$ 45% AS 52% DMS
33% TBM 40% TBM £% ToM

15% RSH

NOTE: C$-Cylie Sulfido, THT-Tetrehydrothiophene, TBM-Tertiary Butyl Mercaptan, RSH-Mixed Mercaptans, AS-Aliphatic Suffide..




APPENDIX C

Commercial Gas Odorants and Relative Odor Contribution
(Source: Heath Consultants Inc.)
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NGO
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NGO
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PP

HEATH

CONSULTANTS INCORPORATED

100 TOSCA DRIVE STOUGHTON. MASSACHUSETTS. 02072

TELEPHONE (617} 344 1400

COMMERCIAL GAS ODORANTS
& RELATIVE ODOR CONTRIBUTION

KEY TO ODORANY CHART Thus chart presents the
compaosition and relative odor contribution of each com
mon commercial odorant. In the extreme left hand col
umn, sach commercial odorant 1s listed by its trade name
and manufactures. Across the top are listed the ten most
common sulfur compounds that are mixed to form the
commercial odorants. Dilutants that contribute no odor,
such as: hexane, methano!, snd the 150-paratfins are
ncluded under “"balance,”” as well as other sulfur bearing
Under each . three values are
given: The first, iabeled "%, denotes the amount of that
component in the commercial odorant as a '% by weight.

ETHYL Di METHYL 1S0 PROPYL NORMAL METHYL TERTIARY SECONDARY Di ETHYL
ODORANT MERCAPTAN SULEIDE MERCAPTAN PROPYL ETHYL BUTYL BUTYL SULFIDE
MERCAPTAN SULFIDE MERCAPTAN MERCAPTAN
B ppud pon @ o pru @ ppy @ pou® ppy @ % ern @ peu @ % pem® ppu @ o prmD ppu @ % pem@ ppu @ % rem® ppm @
ACTUAL RELATIVE ACTUAL RELATIVE ACTUAL RELATIVE ACTUAL RELATIVE ACTUAL RELATIVE ACTUAL RELATIVE ACTUAL RELATIVE ACTUAL RELATIVE
ETHYL MERCAPTAN 98min 5.66 6.11
SPOTLEAK iC:Q 00 5.78 6.24
SCENTINEL A 99 5.72 6.18
LP CAPTAN 90 5.20 5.62 10 58 .59
SCENTINEL C-90 90 5.20 525 10 47 4
SM CAPTAN ] 90 5.20 5.25 10 .40 .40
SCENT YE *-3C B 90 5.20 5.25 10 40 .40
PENNCCCRANT 030 ! 90 5.20 5.25 10 .40 .40
PENNCOORANT '326 965 5.0 5.05 135 .64 .56
EL CAFTAN | 50 2.89 292 50 199 199
SCENTINEL F-50 , 50 2.89 292 50 199 199
SPOTLEAX 1417 J 50 2.89 292 50 199 1.99
JAPTAN 99 ) 80 377 332 10 47 .40 10 40 40
SCENTINEL ~ ' 80 3.77 332 10 47 40 10 40 40
SPOTLEAK 1440 ; 80 3.77 332 10 47 .40 10 40 .40
CAPTAN I) 10 58 59 70 330 2.90 10 -47 .40 10 40 .40
SCENTINEL C-10 10 .58 59 70 330 290 10 -47 .40 10 .40 .40
SPOTLEAK 1450 10 58 59 70 330 2.90 7 .33 .28 to 40 40 3 12 .24
CAPTAN (V) 70 330 290 O 47 .40 10 4?2 3t 10 .40 .40
SCENTINEL O 15 .87 .94 52 245 216 21 .99 .84 | 04 .04 9 .36 T
SM CAPTAN (v) 90 4.24 2.80 10 40 .40
£L CAPTAN (V) 50 23 156 50 1.99 1.99
SPOTLEAK 1001 20 1.16 117 80 318 318
SCENTINEL C | 05 04 78 3N 3 6 .24 .48
SPOTLEAK 1086 80 318 318
RP CAPTAN 20-25'"¢ 14a''T 1as 75-80 29934299 35
RP CAPTAN (V) 20-25 94 118 8 70 75-80 29935299 18
CP CAPTAN 75-80 299, 2995 4
SPOTLEAK 1009 15 7l .62 6 .28 24 79 314 314
SCENTINEL D 79 314 314 17 68 13
SCENTINEL F-20 20 116 LI17 79 314 314
SCENTINEL N 15 T 62 6 .28 .24 76 303 3.03 3 12 24
8P CAPTAN (V) 14-2066 94 58 g3 2_6 ©9 28 08 3 75-77 299307299307 0-4 0 0 3
SPOTLEAK 1420 24 139 1.40 76 3.03 3.03
SPOTLEAK 1425 15 Nql .62 6 .28 24 76 3.03 3.03 3 2 .24
SCENTINEL E 15 71 62 6 .28 .24 78 34 3
SCENTINEL H-25 1 75 299 299
SPOTLEAK 1085 f 75 299 2.99
SCENTINEL F-25 25 144 145 74 295 295
SCENTINEL F -35 34 1.96 198 65 259 259
SCENTINEL ! 32 151 133 2 .09 .08 65 259 259
SPOTLEAK 1424 3% 208 210 64 255 255
T8 CAPTAN(V) 1 193 170 4 19 .16 55 219 219
SCENTINEL H-70 7 .33 .29 IS5 .07 06 24 96 96
SCENTINEL H-~-8% 15 60 LI9
pL. CAPTAN 4 56 L1
SCENTINEL G 1 06 06 3 12 .24 80 318 70
¢S CAPTAN )
SCENTINEL T f
PENNODORANT 1013
CS CAPTAN 787 mE7manoL; 1
SCENTINEL T-97 j
PENNODORANT 1073
CAPTAN 21 30 .19 119
SCENTINEL T-70 30 119 119
PEN('ODORANT 1005 } 335 133 133

CS CAPTAN 60
SCENTINEL T-55
PENNODORANT 1063

NATURAL GASODORIZING QO
PENNWALT CORP
PHILLIPS PETROLEUM QO (SCENTINEL)

(1) PPM ACTUAL PER POUND OF ODORANT/ MMCF
@/ PPM EQUIVALENTTO T.8 M ODOR CONTRIBUTION PER POUND OF ODORANT/ MMCF
(3 NON ODORANT-DILUTANTS HEXANE, METHANOL, ISOPARAFFINS

The second, labeled “ppm actual,” denotes the resuiting
concentration of the component in parts per million {ppm}
parts of natural gas based on the sddition of one pound of
the commercial odorant per mitlion cutic feet {(mmcf) of
natural gas. The third, labeled “"ppm relative,” denotes the
concentration of Tertiary Butyl Mercaptan (TBM) in parts
per millon parts of natural gas that would yitld an odor
level

J A.Chisholm, and R C Stubbs. This data was presented
at the American Society of Heating. Refrigerating. and
Aur Conditioning € ngineers meeting in Chicago, llhnois
on January 27, 1963

The composition of each commercial odorant can be
found by reading across each row_The extreme right
hand column Dists the sum of the TBM squivalent con
n parts per milhion for each row Synergism

o that of the
histed under “'ppm actual.” The “ppm relative’” data 1s
based on an Institute of Gas Technoloyy resesrch project,
“Relative Odor Intensities of Sulfur Compounds Near
Theu T C

ETHYL
ISOPROPYL
SULPHIDE

pen0 pen @

ACTUAL RELATIVE

THIOPHANE

pem © pen @

ACTUAL RELATIVE

%o

.07

100
100
100
97.25
97.25
97
70

4.07
4.07
4.07
3.96
3.96
3.95
2.85
2.85
271
2.44

6.63
6.63
6.63
6.45
6.45
6.44
4.65

66.5
60

4.42
398
55

224 3.65

by DV. Knisbs,

s not accounted for in this column. (Synergism is an
enhancement etfect, where 2 more intense odor results
from a mixture than one would expect from the sum
of the individual components.|

TOTAL
EOUIVALENT
ODORANT

BALANCE

% %
SH S

%o
[©) DPM RE_4LT VE "5 " E M
6.1
6.24
6.18

6.21

5.66
5.65
5.65
5.65
5.61
4.91
4.91
4.91
4.12
4.12
4.12
4.29
4.29
4.41
4.01
470+
3.20
355

4.35
3.63%
3.18
416-4.63
3.69= 3.98

14 |

20-25
4.00
4.49+
| 431t
443
3.65-4.46
4.43
413
397t
2.99
2.99
i 4.40%
| 457+
| a.00t
4.65
4.05
131
119
i
6371

25

67.5

86

6.63
6.63
6.63
6.45
6.45
6.44
5.84
5.84
5.75
3.98
3.65
3.65

2.75
2.75

40
45
45
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